ABSTRACT
INTRODUCTION
Obesity is one of the leading preventable causes of death worldwide and a major public health concern. 1, 2 Regional adiposity is more strongly correlated with cardiometabolic comorbidities than total body fat mass and in particular, that abdominal adiposity is an independent risk factor for coronary heart disease (CHD). 3 Current obesity management places a focus
Free Full Text Articles are Available at www.jnma.com.np recently introduced as a treatment tool for abdominal obesity. 4 Initially, EMS was introduced as training program tool to improve muscular strength, but it is now used for muscle rehabilitation, treat obesity and improve body shape. 5, 6 EMS has been suggested to promote the formation of adenosine triphosphate, 7 increase oxygen intake, 8 decrease body fat by increasing muscle strength, improve blood circulation, accelerate waste product excretion though the lymphatic system, 5 stimulate cell regeneration, 9 and increase metabolic rate by increasing local temperature. 10 Although a previous clinical trial reported reduced waist circumference (WC) after 8 weeks of EMS, 11 unfortunately, no randomized controlled trial has evaluated the effect of EMS on obesity or regional fat distribution.
We hypothesized EMS offers an effective and safe treatment for men and women with abdominal obesity, and that EMS can decrease WC (abdominal fat), increase abdominal muscle mass, and improve biochemical markers. Therefore, we compared the efficacy and safety of 12 weeks of EMS treatment with those obtained using transcutaneous electrical nerve stimulation (TENS) as a sham control in adults with abdominal obesity.
METHODS
This double-blind, randomized, sham-controlled trial was conducted at Pusan National University Hospital (PNUH) from January 2, 2014 to June 8, 2015 . The study was approved by the Institutional Review Board at PNUH (No. 2003011)and the trial was registered with ClinicalTrials.gov (no. NCT02970812).
The study inclusion criteria included age between 18 and 65 years at screening and a WC of >90 cm for men or >80 cm for women. 12 The exclusion criteria applied were: pregnancy, breastfeeding, taking medication for weight loss or any treatment including medication known to affect weight, a weight loss of ≥3% in the preceding 3 months, major surgery during the 1 year prior to study commencement, and the presence of any metal containing implant. Subjects with the following were also excluded; aspartate aminotransferase (AST) or alanine aminotransferase (ALT) greater than 2.5 fold the upper reference limit, serum creatinine (Cr) greater than the upper reference limit, a history of CHD, major organ dysfunction, cancer, a severe lung disease, severe cerebral trauma, uncontrolled hypertension, or a diagnosed psychiatric disease (including eating disorder). Seventy participants were initially screened to determine eligibility. Five participants met the exclusion criteria and five participants declined to participate. Finally, 60 (85.7%) participants were enrolled and then, participants were randomly assigned to one of two groups: the EMS group (n=30, group using a EMS device) or the control group (n=30, group using a TENS device, which externally was identical to the EMS device).
Participants were randomly assigned to two groups of equal number using random number tables and assigned identification numbers on recruitment. To minimise potential bias, participating participants were not informed of their study allocation until after they had provided consent. No investigator or member of other staff interacting with participants also was aware of study group assignments for the duration of the trial. Participants were treated with EMS or TENS using 66 min sessions, 5 days per week for 12 weeks by using a prototype device named TGBODY-4CH (serial number 612001 ~ 612030, 612061 ~ 612090) developed by NS-Medicom (Gimhae, South Korea) and approved by the Korea Testing Certification Medical Device Center (#2004-0042, KTC, Gunpo, South Korea). This device provided EMS and TENS programs, which were selected by pressing a button. Control group was treated by applying current regularly at a frequency of 1 Hz, which was determined basis on endorphin theory. 13 The electric current applied during TENS can cause muscle movement, but this does not constitute an effective muscle contraction exercise.
14 Pads were applied to the abdomen, rectus abdominis and external oblique abdominal muscle areas, so as to avoid any recent wound, infection, scar, or wart, in the supine position. EMS program consisted of a warm-up, contraction and relaxation, cool-down, and was set to resemble actual muscle action during voluntary exercise (Table 1) . ) were determined by CT (Somatome Plus-4 CT, Siemens, Erlangen, Germany) using a single tomographic slice at the L4-L5 disc space. Hounsfield unit cut-off values between 190 and 30 were assigned for adipose tissue in CT images.
At baseline and after the 12-week treatment period, blood samples were taken after at least an 8-hour fast for general blood testing. Glucose was measured using a glucose oxidase test method (LX-20, Beckman Coulter, Fullerton, CA, USA). AST, ALT, Cr and lipid profile were determined using a Toshiba TBA200FR biochemical analyser (Toshiba Co. Ltd., Tokyo). Serum insulin was measured using a solid-phase 125I radioimmunoassay (Coat-A-Count® Insulin, Diagnostic Products Corp., Los Angeles, CA). A homeostasis model assessment indexinsulin resistance (HOMA-IR) of >2.34 was considered to indicate the presence of insulin resistance in relation to metabolic syndrome. 16, 17 The start of the study, subjects were asked to maintain their usual consumption and physical activity levels throughout the study period. Nutrition assessments were conducted at baseline and at 12 weeksusing a 24-hour recall interview and physical activity (METminutes) using the Short-Form International Physical Activity Questionnaire. 18 Patients' self-rated satisfactions with treatment were measured weekly during the trial period using a scale ranging from zero to 5, which represented lowest and highest satisfaction levels, respectively.
The developments of adverse events were closely monitored, and participants were encouraged to report any potential adverse events throughout the study. Creatine kinase (CK) and lactate dehydrogenase (LDH) were measured using standard commercial kits to determine the presence of any possible muscle damage.
A prior sample size calculations were based on the ability to detect a difference in mean WC of 4 cm after intervention using a standard deviation of 5 cm in WC obtained from a previous study. 11 We estimated that 25 patients in each group would be required (two-tailed α=0.05, β=0.20). To account for a potential dropout rate of 10%, 30 patients were recruited per group. Among 60 participants, two in the EMS group and six in the control group dropped out during the study without completing the study procedure ( Figure 1 ). The characteristics of these 8 participants were similar to those that completed the study. Accordingly, the analysis was conducted on 52 subjects (EMS group, n=28; control group, n=24). Categorical data are presented as frequency counts and percentages. The primary outcome variable was WC and the secondary outcome variables were patient satisfaction, VAT and SAT, and laboratory data at 12 weeks follow up. When the test data was unavailable, the last recorded data was used in the analysis (called the last observation carried forward). Efficacy analyses were based on the intent-to-treat (ITT) population of subjects who received at least EMS or TENS and had at least one assessment post-baseline.The within-group comparisons were done with a paired t-test or Wilcoxon signed-rank test when appropriate. We used linear mixed-effects modelling for repeated measures over time with WC, patient satisfaction, VAT, SAT, and laboratory data as the dependent variables and effects for time (baseline, 12 weeks), group (EMS, control), and time by group interaction as independent variables, with adjustment for baseline total calorie intake and physical activity as covariates.In addition, WC loss was categorized as follows: <2 cm, 2 cm to 4 cm, or >4 cm. Chi-square test was used to compare proportions with the WC loss categories before and after treatment. P values of less than 0.05 were considered statistically significant. We used SAS version 9.1 (SAS Institute, Cary, NC, USA) for all analyses.
RESULTS
Of the total sample, 52 (74.3%) completed the 12-week follow-up for the primary endpoint. No significant intergroup differences were observed between general characteristics at baseline (Table 2) . 
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Four participants reported a diagnosis of hypertension, atopic dermatitis, or asthma. No intra-or intergroup group differences were found for caloric intake or physical activity throughout the 12-week trial (Table 3) . 
Results are presented as Means ± SDs or medians and ranges. * paired t-test (means ± SD) or Wilcoxon signed-rank test (medians and ranges) for intra-group comparisons †

Two-way repeated-measures ANOVA over time for inter-group comparisons, with adjustment for baseline total calorie intake and physical activity as covariates.
Primary outcome
EMS group showed a 5.2±2.8 cm loss in WC after the trial period, whereas the control group showed a 2.9±3.3 cm loss, which was a significant difference (P=0.005, Table 3 ). In the EMS group, WC slightly declined more sharply during the latter half of the study (Figure 2a) . Furthermore, participants were divided into subgroups according to degree of WC loss (<2 cm, 2 cm to 4 cm, and >4 cm), 20 (70.0%) of the EMS group were found to have lost >4 cm of WC, while only 8 (33.3% )of the control group did so (P=0.008, Figure 2b ).
Secondary outcomes
The self-rated satisfaction scores were significantly greater in the EMS at study completion (3.9±0.7 vs. 2.8±1.2, P<0.001, data not shown). But no intergroup differences were found for abdominal fat distribution or other metabolic and biochemical characteristics throughout the trial period (Table 3) . However, fasting FFA levels were significantly higher in the EMS group than in the control group at week 12 (P=0.006, Table  3 ). Slight, non-significant, decreases in CT VAT and TAF areaswere observed in the EMS group over the 12 weeks. 
Safety
No adverse symptoms were encountered during the study, and CK, AST, ALT, and Cr did not change in either group (Table 4) . 
DISCUSSION
The present study revealed that EMS is capable of producing physiological responses similar to those of cardiovascular exercise at mild to moderate intensities, despite the fact that EMS is performed without producing gross movement of limbs or loading joints. The EMS group achieved a modestly greater decrease in WC than the control group at week 12 (5.8% vs. 3.3%, P=0.007). Furthermore, the proportion in the EMS group that achieved a WC reduction of >4cm was twice as high as that observed in the control group (Table 2) . TENS only stimulates sensory nerves, whereas EMS excites motor nerves and results in the constriction skeletal muscle fibres, which means its metabolic benefits are similar to that of exercise.
According to previous studies, 12 weeks of resistance exercise reduces WCs by 2-9% depending on initial Body Mass Index (BMI) and intensity of exercise. [19] [20] [21] [22] The contraction time of abdominal muscle exercise is about 3-5 seconds, but this contraction time can be tripled using EMS to increase energy consumption as high intensity exercise. In the present study, the time was set at 10 seconds as shown in Table 1 . Repeating a 10-15 second-contraction time is difficult for laypeople without mechanical interventions. In the EMS group, WC declined more sharply in the latter half of the study (Figure 2a ), presumably because EMS may have the potential to cause cumulative effects on WC. As skeletal muscle builds, energy is consumed more efficiently.
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To investigate the association between abdominal fat distributions with WC decreases, we measured visceral and subcutaneous fat areas by abdominal CT scan, but no intergroup differences were observed at week 12. Sharma et al. reported percentage body fat was found less after EMS, 5 but this study was different from our research in the EMR program settings, research design, and research duration, measurement index, dietary or activity adjustment, using sham-control and so on. EMS does not appear to be comparable to cardiovascular aerobic exercise. There are several possible explanations for the discrepancy between WC and CT measures. First, the single CT slice taken at the L4-L5 disc space may not have matched WC level as defined by the WHO STEPS protocol. 15 Second, the study period may have not been long enough to have produced a significant difference in abdominal visceral and subcutaneous fat areas. Muscle tension is also a critical confounder of WC as surrogate of abdominal obesity. Previous studies have shown that 3-5 months of combined aerobic plus resistance exercise was more effective at improving subcutaneous and visceral adiposity than aerobic only exercise in obese adolescents. 24, 25 However, WCs were not measured in either study. Nevertheless, other studies have demonstrated that regular aerobic exercise, with or without weight loss, is associated with reductions in total fat and/or visceral adipose tissue as determined by CT in obese individuals. 24, 25 Unfortunately, we did not combine aerobic exercise with EMS. Further research is required to compare EMS alone with EMS plus aerobic exercise.
In the present study, fasting FFA was significantly higher in the EMS group after the trial (P=0.006, Table 3 ). Fasting FFA is a biomarker of lipolysis (the hydrolysis of triglycerides into glycerol and free fatty acid) in adipose tissue, 28, 29 although it can be considered as a risk factor for insulin resistance. Our finding suggests that EMS induces lipolysis in intramuscular adipose tissue, but on the other hand, other biomarkers were not altered by EMS. Furthermore, despite initial concerns, no significant abnormal clinical findings suggesting the presence of possible muscle damage were obtained and no participant complained of any adverse symptom (Table 4) . Some limitations of our study need to be mentioned. First, since this study was conducted over 12 weeks, no longer was performed. Second, in the study cohort the proportions of severely obese subjects (BMI>30 kg/m 2 , Asian-Pacific criteria), men and of those with a diagnosed disease were only 10.0%, 23.3%, and 6.7%, respectively, which means it may be difficult to apply our results to these populations. Furthermore, abdominal obesity was defined using the IDF Asia-Pacific criteria (women>80 cm). Third, no aerobic exercise or diet program was included in the present study, and thus, possible synergistic effect of EMS with aerobic exercise and/or diet were not explored. Furthermore, the majority of subjects recruited (75%) did not exercise regularly, and we would expect the effect of EMS to be greater in subjects that exercise regularly. Finally, despite significant declines in WC, there was much less reduction in abdominal adipose tissue mass and no improvement in metabolic outcomes. Despite all its limitations, to the best of our knowledge, the present clinical trial is the first randomized, controlled, double-blinded study to evaluate the effects of EMS on WC in adults.
CONCLUSIONS
In summary, the 12-week EMS program was found to modestly reduce WC in abdominal obese adults without any evidence of side effects. These findings suggest EMS is an effective, safe auxiliary treatment for abdominal obesity in adults. A larger scale clinical trial is needed to confirm the results of this first-stage study and additional studies are required to assess the long-term effects of EMS on abdominal obesity.
